The unusual yellow color of Au2(dppm)(SR)2 (R 4-tolyl; dppm diphenylphosphinomethane) is attributed to a red-shift in the S--->Au charge transfer caused by destabilization of the sulfur highest occupied molecular orbital (HOMO). Variable temperature experiments show two broad bands at -80C in the 31p{1H} NMR spectrum of Au2(dppm)(SR)2 and the activation energy for intemonversion is 10 kcal/mol. Only one sharp band is observed down to -80C in the spectrum of the white complex, Au2(dppe)(SR)2 (dppe diphenylphosphinoethane). Molecular mechanics calculations on Au2(dppm)(SR)2 and Au2(dppe)(SR)2 reveal that, for Au2(dppe)(SR)2, a series of maxima and minima, separated by 2.5 kcal/mol, occur every 120. which is consistent with rotation around an unhindered carbon-phosphorus single bond. The Au atoms are not within bonding distance in any conformation. Computational results for Au2(dppm)(SR)2 indicate one minimum energy structure in which the Au-P bonds are anti. There is a high energy conformation (9 kcal/mol above the global minimum) where overlap between golds is maximized. The implications of gold-gold bonding in this complex are discussed. The steric influence of the thiolate ligand has been examined by synthesizing a series of dinuclear gold(I) complexes in which the steric properties of the thiolate are varied: Au2(dppm)(SR)2 (R 2,6-dichlomphenyl; 2,6-dimethylphenyl; 3,5-dimethylphenyl). The 2,6-disubstituted complexes are white, while the 3,5-dimethyl complex is yellow. These results, along with VT-NMR experiments, are consistent with the conclusion that the more sterically-bulky thiolates hinder the close approach of the golds in the dinuclear complexes.
Introduction
During the last decade, interest in gold chemistry has increased for several reasons, the most important one being that certain gold(I) thiolate compounds are very effective drugs for the treatment of rheumatoid arthritis, a poorly-understood disease that afflicts millions of people each year. The therapeutic benefits of gold have also prompted testing of gold(I) phosphine and thiolate compounds for anticancer activity and inhibition of the HIV-1 virus. 2 In addition to interest in the biological activity of gold, the intriguing phenomenon of attractive interactions between closed shell gold(I) atoms ([Xe4f145d10) , has stimulated numerous experimental and theoretical studies. 3 Material scientists have also long been interested in gold and in a recent report of the use of gold as a sensor for thiols, the authors commented on the need for more studies of the fundamental properties and reactivities of gold-thiolate compounds. 4 Several years ago, our group initiated studies of the electronic structure and reactivity of neutral gold(I) phosphine thiolate complexes. 5 Our interest in these complexes is motivated by their (S-->Au CT). 6 In all the complexes except A1, the S-+Au CT's occur in the UV, whereas in A1 the lowest energy band is red-shifted by 2500 cm "1 into the visible, hence the yellow color of A1 (see Table I ). The red-shift could result from destabilization of the highest occupied molecular orbital Complexes A1 and A2 were minimized at arbitrary geometries and the ROT E function, which utilizes the rigid rotor approximation, was employed to locate additional minima. Structures so located were subjected to full geometry optimization, including vibrational annealing at 300 K. (Figure 2a ). In contrast, complex A1 shows two broad peaks at -80 C at 30.1 and 32.2 ppm (Figure 2b ). 5a An activation energy of 10 kcal/mol was calculated from line shape analysis using a coalescence temperature of -60 C and a peak separation at the low temperature limit of 170 Hz. Rotation about C-P single bonds can occur with activation energies near 10 kcal/mol. 11 However, the absence of a temperature dependent process for A2 suggests that C-P bond rotation in the open-chain complexes (series A) have much lower activation energies. Molecular mechanics calculations were carried out to gain insight into the conformational preferences and barriers to rotation predicted for A1 and A2. Conformational Analysis of Au2(dppe)(p-tc)2 (A2). The conformational energy profile for A2, is shown in Figure 3 . A series of maxima and minima, separated by only 2.5 kcal/mol, are observed for rotation about the C-P bond in A2. The maxima and minima occur every 120 , corresponding to approximately eclipsed and staggered conformations, respectively. The closest approach of gold atoms is greater than 4 A. The barrier for rotation of A2 is small compared to the available thermal energy at -80 C. The molecular mechanics calculation is therefore consistent with VT-NMR experimental data that shows only one conformation of A2 in the temperature range -80 to 20 C.
Conformational Analysis of Au2(dppm)(p-tc)2 (A1). The conformational energy profile for A1, shown in Figure 4 , is not symmetrical as is observed for A2. The large asymmetry in the energy profile can be attributed to the more severe intramolecular steric effects between phenyl rings in the dppm ligand compared to the dppe ligand. As a result, the 60 and 300 conformations are not equivalent in energy as might be expected by a view of simple Newman projections (see bottom of Figure 4 ). These Newman projections are misleading since they imply that the total energy depends only on the described dihedral (1), when in fact, other dihedrals are minimized to structures that do not necessarily correspond to the pathway connecting two fully enantiomeric structures. Figure 5 corresponds to the conformation near (D1 60, i.e., the global minimum in the 2-D profile (Fig. 4) .
There is an equal energy conformation labeled $1 that corresponds to the enantiomer of $2. The 3-D plot also reveals a "mountainous" region where clashes between phenyl rings generate very large energy barriers to rotation. It is clearly impossible for $1 and $2 to intemonvert along the diagonal. However, intemonversion of the enantiomers can occur with an energy barrier as low as Figure 7 . The Au-P bonds in each structure are approximately "anti" to each other. We conclude that the enantiomeric structures, $1 and $2 represent the global minimum configuration. There are also several local minima along the surface connecting $1 and $2 that are within 3-4 kcal/mol of the global minimum. For example, the structure in the lower right hand corner of Figure 6 (near (1 300) corresponds to the local minimum conformation at 44.5 kcal/mol in the 2-D plot (Fig. 4) . It is important to point out that interconversion of the global and local minima does not account for the dynamic process observed in the VT-NMR experiments for A1 because the experimentally determined activation energy is 10 kcal/mol, while the activation barrier calculated by MMX is estimated to be no more than 6 kcal/mol. 12 Obviously, interconversion of $1 and $2 is also not responsible for the dynamic process because, as enantiomers, they would have the same chemical shift.
In a previous paper, we hypothesized that an intramolecular gold-gold interaction in A1 causes repulsion between sulfur lone pairs and thus destabilizes the HOMO, which is sulfur in character. 5a Does the molecular mechanics calculation support this hypothesis? There are a number of conformations in which the golds are within bonding distance (<3.4A). However, the conformation which has the shortest distance between golds occurs at (1 = 0 , (2 0, labeled S3 in Figure 5 and shown as a ball and stick representation in Figure 7 . The Au-P bonds are oriented approximately "syn" to each other and the Au-Au distance is less than 3 . .T he MMX calculation does not include parameters for the attraction or repulsion between metal atoms. Accordingly, this conformation is disfavored for steric reasons and is estimated to be about 9 kcal/mol higher in energy than the global minimum. However, formation of a gold-gold bond in this conformation is expected to contribute electronic stabilization on the order of 8-10 kcal/mol. 13 The energy of the gold-gold bonded "syn" isomer would then be within 1 kcal/mol of the global minimum "anti" conformation. This interconversion of the "syn" gold-gold bonded and "anti" nonbonded conformations is consistent with the dynamic process observed in the VT-NMR experiments (see Scheme II). were synthesized in which the steric and electronic properties of the substituents on the thiolate ligand are varied. We hypothesized that bulky substituents in the ortho positions would block the close approach of golds whereas meta or para substituents would exert less steric control. As a first approximation our hypothesis appears to be correct because the 2,6-disubstituted complexes are white and show only 1 peak in variable-temperature 31p NMR experiments, while the 3,5-dimethyl and para-substituted derivatives are yellow and show 2 peaks at low temperature. We are continuing to investigate the electronic structure of these complexes to verify this conclusion and the results of electronic spectra analysis will be reported elsewhere. 14 
